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Background: Acupuncture has been proven effective for various types of pain, and peripheral molecular signals 

around acupuncture-treated areas have been suggested to contribute to the analgesic effects of acupuncture. 

However, the underlying mechanism from these peripheral molecular signals to central ones remains unclear. 

The purpose of this study was to investigate whether peripheral Rho-associated protein kinase (ROCK) activa- 

tion induced by acupuncture treatment mediates acupuncture analgesia, and also to investigate the relationship 

between ROCK activation and extracellular signal-regulated kinase (ERK), which has previously been proven to 

mediate acupuncture analgesia and other related molecular changes during acupuncture. 

Methods: Acupuncture was treated at the bilateral GB34 acupoints of C57BL/6 mice, after which changes in ROCK 

activation and the location of its expression in the skin were analyzed. To verify the role of ROCK in acupuncture 

analgesia, we administrated ROCK inhibitor Y-27632 (0.3 𝜇g/ul) into the skin before acupuncture treatment 

with formalin and complete Freund adjuvant (CFA) induced pain models, then the nociceptive responses were 

analyzed. 

Results: Acupuncture treatment produced ROCK2 activation in the skin after 30 and 60 min, and the histological 

analyses revealed that ROCK2 was activated in the fibroblast of the dermis. The acupuncture-induced ROCK2 

expression was significantly attenuated by the ERK inhibitor, whereas phospho-ERK expression was not inhibited 

by ROCK inhibitor. In both the formalin- and CFA-induced mouse pain models, acupuncture analgesia was blocked 

by ROCK inhibitor administration. 

Conclusion: Acupuncture treatment-induced ROCK2 expression is a downstream effector of phospho-ERK in the 

skin and plays a crucial role in acupuncture analgesia. 
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. Introduction 

Acupuncture is a non-pharmacological treatment that has been

roven effective for various types of pain. 1–3 Despite the clinical effec-

iveness of acupuncture analgesia, understanding of the mechanisms of

ts action is still not comprehensive. 

A ‘central mechanism’ is known to be involved in acupuncture anal-

esia, which entails a descending inhibitory pathway, endogenous cen-

ral and spinal opioids, and glial deactivation in the spinal cord. 4 , 5 Pe-

ipheral changes following acupuncture treatments are also indicated

o mediate the analgesic effect. Abraham et al. and Wu et al. have re-
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orted that the transient receptor potential vanilloid 1 (TRPV1) is ex-

ressed after acupuncture treatment at the stimulated site, which is re-

ated to acupuncture analgesia. 6 , 7 Burnstock hypothesized the involve-

ent of purinergic signaling in analgesic mechanisms of acupuncture

nd proposed that acupuncture-induced ATP release in keratinocytes,

broblasts, and other cells in the skin could send impulses through sen-

ory nerve endings to the brain that inhibit the neural pathways of pain

ensation. 8 Goldman et al. also indicated the importance of adenine

ucleotides (i.e., adenosine, adenosine monophosphate (AMP), adeno-

ine diphosphate (ADP), and adenosine triphosphate (ATP)) released by

cupuncture treatment; the adenosine A1 receptor is necessary for the
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Fig. 1. Experimental schedule of this study. CFA, complete Freund adjuvant. 
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w  
ocal antinociceptive action of acupuncture analgesia. 9 , 10 Nitric oxide-

GMP, a catalyzing enzyme, activation and changes of skin impedance

lso have been identified as acupuncture-induced factors. 11 , 12 

Our previous studies 13 , 14 found that acupuncture treatment acti-

ated extracellular signal-regulated kinase (pERK) in the skin, leading

o acupuncture analgesia. Morphological changes induced by acupunc-

ure treatment in the fibroblasts of subcutaneous loose connective tissue

re known to remodel the cytoskeleton and may be an important factor

n the effect of acupuncture. Previously, Langevin et al. demonstrated

hat Rho-associated protein kinase (ROCK) is necessary for the cy-

oskeletal remodeling induced by acupuncture manipulation. 15 , 16 How-

ver, the relationship between ROCK activation and the therapeutic ef-

ects of acupuncture remain untested. Thus, we investigated whether

cupuncture-induced tissue deformation activates ROCK expression in

he skin layer and mediates acupuncture analgesia. Additionally, we ex-

lored the relationship between ERK activation and other related molec-

lar changes during acupuncture in the skin. 

. Methods 

.1. Animals 

Male C57BL/6 mice (at 8–9 weeks of age, weighing 20–25 g) were

urchased from Samtaco, Inc. (Seoul, Korea). Mice were maintained on a

2 /12 hour (h) light/dark schedule with free access to food and water.

ll the experiments were approved by the Kyung Hee University An-

mal Care Committee for animal welfare [KHUASP(SE)-13-053-1] and

ere performed according to the guidelines of the NIH and the Korean

cademy of Medical Sciences and followed the recommendations of the

nternational Association for the Study of Pain (IASP). All experimental

chedules are shown in Fig. 1 . 
2

.2. Drug administration 

Bilateral leg hair was removed using an electronic hair clipper

Voguers, Bucheon-si, Gyeonggi-Do, Korea) before the experiment. On

he day of the experiment, mice were lightly anesthetized with ether,

nd 10 μl of U0126 (ERK inhibitor, 0.8 ug/ul in dimethyl sulfoxide

DMSO); Promega, Madison, WI, USA), 17–19 or Y-27632 (ROCK in-

ibitor, 0.3 ug/ul in distilled water; Sigma, St. Louis, MO, USA) 15 , 16 was

ntradermally injected into the GB34 acupuncture point using 0.5 ml

yringes (BD Biosciences, San Jose, CA, USA) 15 minutes (min) before

cupuncture treatment to inhibit molecular activation. 20 Control mice

ere injected equal volume of vehicle. 

.3. Acupuncture treatment 

On the day of the experiment, mice were immobilized in a holder,

nd then acupuncture needles (0.18 mm in diameter and 8 mm in length;

aenglim-seoweon Acuneedle Co., Yeoju-gun, Kyonggi-do, Republic of

orea) were inserted to a depth of 3 mm at the bilateral GB34 ( Yangne-

ngcheon ) acupuncture point. On the fibular aspect of the leg, GB34 is

ocated in the depression anterior and distal to the head of the fibula, 21 

nd GB34 has been known to have an effect on pain and motor dysfunc-

ion. 13 , 22 , 23 Acupuncture needles were rotated at a rate of two spins per

econd bidirectional of 180° for 10 s (s) and removed 10 min later. The

epth of insertion and the rate of rotation for the acupuncture-needling

echnique were verified using Acusensor (Acupuncture needling force

nd motion sensor system; Stromatec, Inc., Burlington, VT, USA). 24 

.4. Skin sample collection 

After removing the acupuncture needles, mice were anesthetized

ith ether, and the acupuncture-treated skin tissues (5 mm in diame-
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er, above the muscle) were collected 5, 10, 30, or 60 min later. For the

ontrol, the same part of the skin tissues from the control mice was col-

ected using the same methods. For western blotting, skin tissues were

mmediately put into liquid nitrogen, then stored at -80°C. For immunos-

aining, skin tissues were immediately put into 4 % formalin solution for

xation. 

.5. Western blot analyses 

Skin samples were pulverized in liquid nitrogen and were homog-

nized in 200 μl of lysis buffer (Invitrogen, Carlsbad, CA, USA), with

hosphatase inhibitor cocktail tablets (Roche, Indianapolis, IN, USA)

nd protease inhibitor cocktail tablets (Roche) in distilled water. After

omogenization, the samples were centrifuged at 12,000 rpm for 15 min

t 4°C and the supernatants were then collected. Protein concentrations

ere determined using the bicinchoninic acid (BCA) assay. For West-

rn blot analyses, equal protein concentrations (i.e., 10 μg of total pro-

ein) were separated by 8–10 % sodium dodecyl sulfate-polyacrylamide

el electrophoresis (SDS-PAGE), after which they were transferred to

 polyvinylidene fluoride (PVDF) membrane (Amersham Biosciences,

uckinghamshire, UK). This membrane was blocked in 5 % skim milk

n Tris buffered saline containing 0.1 % Tween-20 (TBS-T) and was

ncubated with primary antibodies overnight at 4°C — these primary

ntibodies were rabbit phosphorylated extracellular signal-regulated ki-

ase (p-ERK), total ERK, ROCK1, ROCK2, phosphorylated ezrin-radixin-

oesin (p-ERM), ERM (Cell Signaling Technology, Beverly, MA, USA),

nd mouse 𝛽-actin (Sigma). The PVDF membrane was also incubated

ith secondary horseradish peroxidase-conjugated goat anti-rabbit an-

ibodies (Pierce, Rockford, IL, USA) and goat anti-mouse antibodies

Pierce). The membrane was visualized using a chemiluminescence kit

Super Signal West Pico; Pierce) and signal intensities from the im-

unoblots were quantified using an Image Quant TL (GE Healthcare,

ppsala, Sweden). 

.6. Immunohistochemistry 

A few days after fixation, all skin samples were embedded in paraf-

n, then cut into 4 μm slices and placed on microscope slides. To remove

he paraffin, the sections were incubated in xylene and were then hy-

rated in 100 % ethanol and 95 % ethanol; sections were also washed

n distilled H2 O. For immunohistochemistry analyses, all sections were

ncubated in 3 % hydrogen peroxide for 10 min, washed in wash buffer

TBS-T), and were incubated in blocking solution (i.e., TBS-T with 5 %

SA) for 1 h. The blocking solution was removed and the primary rab-

it ROCK2 antibody (Novus Biologicals, Littleton, CO, USA) was di-

uted in the blocking solution and were added to each section; these

olutions were incubated overnight at 4°C. Then, the antibody solution

as removed, and the sections were rinsed with wash buffer. The sec-

ions were incubated with biotinylated anti-rabbit immunoglobulin G

IgG; Vector Laboratories Inc, Burlingame, CA, USA) for 1 h. All sec-

ions were then incubated with the avidin-biotin-peroxidase complex

ABC) reagent (Vector Laboratories Inc.) and were incubated in 0.02 %

iaminobenzidine, 0.003 % hydrogen peroxide, and 1 M Tris-buffered

aline (pH 7.5). As soon as the sections were developed, all slides were

mmersed in distilled H2 O. The sections then were counterstained with

ematoxylin, dehydrated in 95 % and 100 % ethanol, incubated in xy-

ene, and were mounted. Images of the layers of the skin were taken

sing a bright-field microscope (BX51; Olympus, Tokyo, Japan). 

.7. Immunofluorescence 

For immunofluorescence analyses, all sections were washed in a

ash buffer and then incubated in blocking solution for 1 h. The block-

ng solution was removed and the primary antibodies of ROCK2 (Novus

iologicals) and mouse fibroblasts (5B5; Abcam, Cambridge, United

ingdom) were diluted in the blocking solution and were added to
3

he sections; these solutions were incubated overnight at 4°C. The an-

ibody solution was removed and sections were washed with the wash

uffer. The sections were then incubated using Alexa Fluor 488 anti-

ouse IgG (Invitrogen) and Alexa Fluor 594 anti-rabbit IgG (Invitro-

en) for 1 h in a dark room and were mounted using mounting medium

ith 40,6-diamidino-2-phenylindole (DAPI; Vector Laboratories Inc.).

he ROCK2 and 5B5 positive signals were detected using confocal mi-

roscopy (FV10i; Olympus). 

.8. Formalin-induced mouse pain model and behavior assessment 

All mice were divided into five groups: injected with formalin (FOR),

njected with formalin and Y-27632 (FOR + Y), injected with forma-

in and treated with acupuncture (ACU), injected with formalin and

-27632, and treated with acupuncture (ACU + Y), and treated with con-

rol procedures (CON; n = 6 in each group). 

On the day of the experiment, all the mice were acclimatized in a

lear acrylic chamber (20 cm in diameter and height) for 30 min before

he experiment. Mice in the FOR + Y and ACU + Y groups were intrader-

ally injected with Y-27632 at bilateral GB34. Mice of the CON, FOR,

nd ACU groups were injected with equal volumes of distilled water

i.e., 10 𝜇l) at GB34 15 min before the acupuncture treatment, as a con-

rol for Y-27632. Fifteen min later, Mice in the FOR, FOR + Y, ACU, and

CU + Y groups were all injected with 1 % formalin (20 𝜇l, diluted in

aline) into the plantar surface of the right hind paw subcutaneously, as

reviously described. 25,26 Equal volumes of saline (i.e., 20 𝜇l) was in-

ected into the right hind paw of the mice in the CON group as a control

or the formalin injection. Mice of ACU and ACU + Y groups were treated

ith acupuncture at bilateral GB34 right after formalin injection then

mmobilized for 10 min. Mice of the CON, FOR, and FOR + Y groups were

lso immobilized for 10 min to cause an equal amount of stress. 

To assess nociceptive behavior, mice were immediately placed back

nto the same acrylic chamber after acupuncture treatment. Then, the

ociceptive responses were recorded using a video camera from 10 to

0 min after the formalin injection. The total time spent flinching, lick-

ng, and biting the right hind paw was measured and analyzed during

ach 5-min block. 

.9. CFA-induced mouse pain model and behavior assessment 

All mice were divided into five groups: injected with complete

reund’s adjuvant (CFA) only (CFA), injected with CFA and Y-27632

CFA + Y), injected with CFA and treated with acupuncture (ACU), in-

ected with CFA and Y-27632, and treated with acupuncture (ACU + Y),

nd treated with control procedures (CON; n = 6 in each group). 

All the mice were habituated in a clear acryl box (8 cm ⅹ 10 cm ⅹ

0 cm, with a gridded floor) for 1 h daily for 2 d. Next day, after 1 h

abituation using same method, the mechanical threshold of the bilat-

ral hind paws under baseline conditions was assessed using electronic

on Frey filaments (IITC, Woodland Hills, CA, US). A von Frey filament

xerting 0.6 g of force was applied 10 times to the plantar surface of

ach hind paw, for 1 s at a time with 5 s intervals. The frequency of the

ositive responses from a total of the 10 trials was calculated for each

oot. Four days later, mice of the CFA, CFA + Y, ACU, and ACU + Y groups

ere injected with 100 𝜇l of CFA emulsion solution (CFA; suspended in

il and mixed with an equal volume of saline) into the plantar surface

f the right hind paw subcutaneously, as previously described. 27 Equal

olumes of saline (i.e., 100 𝜇l) were injected into the right hind paw of

he CON group mice as a control for CFA injection. After CFA injection,

he mechanical threshold was assessed to confirm nociceptive behav-

ors of pain. Then, mice of the CFA + Y and ACU + Y groups were injected

ith 3 𝜇g/10 𝜇l Y-27632 at bilateral GB34. Mice in the CON, CFA, and

CU groups were injected with equal volumes of distilled water (i.e.,

0 𝜇l) at bilateral GB34 as a control for Y-27632. Fifteen minutes later,

ice of the ACU and ACU + Y groups were treated with acupuncture at

ilateral GB34 then immobilized for 10 min. The mice of the CON, CFA,
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Fig. 2. ROCK1, ROCK2, and p-ERM expression in the skin after acupuncture treatment. Expression levels of (A) ROCK1, (B) ROCK2, and (C) p-ERM in the skin 

were determined at 5, 10, 30, and 60 min after acupuncture treatment via western blotting analyses. ROCK2 activation increased significantly at 30 and 60 min 

after acupuncture treatment compared to that in the control group (B). Activation of p-ERM was increased significantly 5 min after acupuncture treatment (C). Here, 
∗ p < 0.05 compared to the CON group followed by the Student’s t -test (each n = 3–5) and error bars indicate the SEM. CON, treated with no acupuncture; ROCK, 

Rho-associated protein kinase; p-ERM, phosphorylated ezrin-radixin-moesin. 
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nd CFA + Y groups were also immobilized for 10 min to cause an equal

mount of stress as the acupuncture treated groups. After acupuncture

eeding, all mice were immediately placed back into the same clear box

nd the mechanical threshold of the bilateral hind paws was assessed. 

.10. Statistical analysis 

The GraphPad Prism 9 software (GraphPad Software Inc., San Diego,

A, USA) was used for all statistical analyses. All data were expressed

s the mean ± standard error of the mean (SEM). Statistical analyses

ere performed using unpaired Student’s t -test, one-way ANOVA with

he Newman–Keuls post-hoc test, and two-way ANOVA followed by a

onferroni post-hoc test. In all of the aforementioned analyses, the dif-

erences were considered statistically significant at p < 0.05. 

. Results 

.1. ROCK1, ROCK2, and p-ERM expression in the skin after acupuncture 

reatment 

To investigate protein changes related to tissue deformation after

cupuncture treatment, the expression levels of ROCK1, ROCK2, and

-ERM in the skin were determined 5, 10, 30, and 60 min after acupunc-

ure treatment, respectively. After acupuncture treatment, ROCK2 in-

reased significantly at 30 and 60 min after acupuncture treatment

ompared to that in the control group ( p < 0.05), while the activa-

ion of p-ERM increased significantly 5 min after acupuncture treatment

 p < 0.05; Fig. 2 A–C). 

.2. ROCK2 activation in the skin after acupuncture 

Immunostainings were performed to verify the expression location of

OCK2. In the immunohistochemistry analysis, ROCK2 was activated in

he fibroblasts of dermis after acupuncture treatment ( p < 0.01; Fig. 3 A).

o verify the cell type of ROCK2 activation, skin tissues were stained
4

ith 5B5, a fibroblast marker, and were then visualized for immunoflu-

rescence. It was confirmed that the cells where ROCK2 was activated

ia acupuncture treatment were fibroblasts, since they were co-stained

ith a fibroblast marker ( Fig. 3 B). 

.3. Inhibition of acupuncture induced ROCK2, p-ERK, and p-ERM 

ctivation by U0126 and Y-27632 

We investigated the correlation between localized ERK activation

nd tissue deformation-related molecules such as ROCK2 and ERM us-

ng U0126. Acupuncture-induced ROCK2 and p-ERM expression was sig-

ificantly attenuated by U0126 administration ( p < 0.01; Fig. 3 C-D).

OCK2 activation in the skin was successfully inhibited by the Y-27632

dministration ( Fig. 3 E). Acupuncture induced p-ERK expression was

ttenuated by U0126, but not by Y-27632 administration. Acupuncture

nduced p-ERM expression was attenuated by U0126 and Y-27632 ad-

inistration ( Fig. 3 F). This implies that ERK acts in the early part of the

cupuncture-induce local molecular signaling pathway, as well as the

act that ROCK2 and p-ERM act as downstream effectors of ERK activa-

ion after acupuncture. 

.4. ROCK activation in the skin mediates acupuncture analgesia in 

ormalin-induced acute mouse pain model 

To verify whether acupuncture-induced localized ROCK activa-

ion mediates acupuncture analgesia, we administered Y-27632 in

he formalin-induced and CFA induced mouse pain models. In the

ormalin-induced mouse pain model, nociceptive responses of the FOR

roup were more significantly increased than that in the CON group

 p < 0.001). FOR + Y group showed the same degree of nociceptive re-

ponse as the FOR group ( p < 0.001 vs. CON), suggesting that the ad-

inistration of Y-27632 into the skin did not affect the nociceptive re-

ponse to formalin. Acupuncture treatment significantly attenuated the

ociceptive responses when compared to that in the FOR group ( p <

.001) and that acupuncture analgesia was diminished by Y-27632 ad-

inistration ( p < 0.01; Fig. 4 A). The analgesic effects of acupuncture
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Fig. 3. ROCK2 expression in the skin after acupuncture treatment, and inhibition of acupuncture-induced ROCK2, p-ERM, and p-ERK activation by U0126 (i.e., ERK 

inhibitor) and Y-27632 (i.e., ROCK inhibitor). (A-B) ROCK2 was activated in the skin, especially in the fibroblasts of the dermis 30 min after acupuncture treatment. 

5B5, fibroblast marker. Blue: counterstain with 40,6-diamidino-2-phenylindole (DAPI), Green: expression of ROCK2, Red: expression of 5B5, a fibroblast marker. 

(C-D) Acupuncture induced ROCK2 and p-ERM activation was attenuated by U0126 administration, injected at the GB34 acupuncture point intradermally. (E) 

Acupuncture-induced ROCK2 activation in the skin was significantly attenuated by 0.3 𝜇g/ul of Y-27632. (F) Acupuncture induced p-ERK expression was attenuated 

by U0126, but not by Y-27632 administration. Acupuncture induced p-ERM expression was attenuated by U0126 and Y-27632 administration. Scale bar: 100 μm 

(A) and 20 μm (B). ∗∗ p < 0.01 compared to the CON group; $$ p < 0.01 compared to the ACU group followed by the Student’s t -test (each n = 3). Error bars indicate 

the SEM. ACU, treated with acupuncture; ACU + U, treated with U0126 and acupuncture; ACU + Y, treated with Y-27632 and acupuncture; CON, treated with no 

acupuncture; p-ERK, phosphorylated extracellular signal-regulated kinase; p-ERM, phosphorylated ezrin-radixin-moesin; ROCK, Rho-associated protein kinase. 
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nd the inhibitory effect of Y-27632 on it were most remarkable at ap-

roximately 25–30 min after the acupuncture treatment ( Fig. 4 B). 

.5. ROCK activation in the skin mediates acupuncture analgesia in 

FA-induced sub-chronic mouse pain model 

In the CFA-induced sub-chronic mouse pain model, the mechanical

ain threshold of the right hind paw was significantly more increased

fter CFA injection compared to that of the CON group ( p < 0.001); that

f CFA + Y group was as same as CFA group ( p < 0.001 vs. CON). Mice in

he ACU group showed a significant decrease in pain behavior than that

f the CFA group from 10–30 min ( p < 0.001). Acupuncture analgesia
5

as blocked by Y-27632 ( p < 0.001; Fig. 4 C). The contralateral side,

.e., the left hind paw, did not show significant differences between the

FA and ACU groups ( Fig. 4 D). 

. Discussion 

In this study, we found that ROCK2 was activated following ERK

ctivation via acupuncture-induced molecular changes and acupunc-

ure analgesia was blocked by the ROCK inhibitor Y-27632. These re-

ults suggest that ROCK2 activation, resulting from the cytoskeletal de-

ormation induced by acupuncture treatment, is an important factor

n producing the analgesic effects of acupuncture. To the best of our
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Fig. 4. The analgesic effects of acupuncture treatment were reversed by Y-27632 administration in mouse pain models induced by formalin and complete Freund’s 

adjuvant (CFA). (A-B) The duration of the formalin-evoked nociceptive response, such as flinching, licking, and biting of the right hind paw, was analyzed during 

10-30 min after the formalin injection (A) and during each 5-minute block (B). (C-D) The frequency of positive responses was determined using a von Frey filament 

exerting 0.6 g of force (C: ipsilateral, D: contralateral) every 10 min after acupuncture treatment in a CFA-induced mouse pain model. ∗ p < 0.05 and ∗∗∗ p < 0.001 

compared to the CON group; # p < 0.05, ## p < 0.01, and ### p < 0.001 compared to the FOR or CFA group; $$ p < 0.01, $$$ p < 0.001 compared to the ACU group. 

One-way ANOVA was followed by the Newman–Keuls test (A) and 2-way ANOVA was followed by the Bonferroni test (B-D) (A-B: each n = 8, C-D: each n = 7). Error 

bars indicate SEM. ACU, injected with formalin or CFA, and treated with acupuncture; ACU + Y, injected with formalin or CFA, administered Y-27632, and treated 

with acupuncture; CFA, injected with CFA; CFA + Y, injected with CFA and administered Y-27632. CON, treated with control procedures; FOR, injected with formalin; 

FOR + Y, injected with formalin and administered Y-27632. 

k  

a  

a

 

fi  

s  

i  

t  

e  

w  

o  

a  

s  

t  

w  

c  

c  

f  

i  

d  

i  

l  

r  

t  

f  

w  

s  

i  

s  

w  

s  

o

 

a  
nowledge, this is the first study to investigate cytoskeletal responses

round the acupuncture point in relation to the analgesic effects of

cupuncture. 

Mechanical tissue deformation around the acupuncture point is the

rst physiological phenomenon after acupuncture treatment. It has been

uggested that cytoskeletal remodeling in response to tissue deformation

nduced by acupuncture needle manipulation contributes to an impor-

ant process in understanding acupuncture mechanism. 27–29 Langevin

t al. reported that fibroblasts of skin tissues around the needle point

ere deformed by acupuncture manipulation, resulting in the activation

f various downstream cascades. 28 These cascades contribute in medi-

ting the clinical effect of acupuncture; moreover, the Rho/Rac kinase

ignaling is one of the possible cascades that is involved in the cytoskele-

al remodeling process of fibroblasts during acupuncture. 15 , 16 ROCK,

hich are serine/threonine kinases, are involved in many aspects of

ell motility such as cell migration, proliferation, gene expression, actin

ytoskeleton, and/or microtubule network, and other common cellular
6

unctions. 30 Two ROCK isoforms, ROCK1 and ROCK2, have 65 % overall

dentity of amino acid sequences and 92 % homology within their kinase

omains. Although the common cellular activity of ROCK1 and ROCK2

s regulating actomyosin cytoskeleton, they have a distinct role in regu-

ating actin cytoskeleton reorganization and cell detachment. It has been

eported that ROCK1 is involved in destabilizing the actin cytoskeleton

hrough peripheral actomyosin contraction, whereas ROCK2 is required

or stabilizing the actin cytoskeleton. 31–34 In our results, only ROCK2

as activated after acupuncture treatment, whereas ROCK1 showed no

ignificant change. These results suggest that ROCK2 may be involved

n the rearrangement of local skin tissue that is damaged by mechanical

timulation via needles. In addition, the analgesic effect of acupuncture

as significantly blocked by Y-27632, suggesting that ROCK2 expres-

ion after acupuncture is a major factor mediating the analgesic effect

f acupuncture. 

The ROCK protein has numerous downstream effectors such as ERM,

dducin and MLC, and is also related to ERK signaling. 7 , 35–37 Since
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Fig. 5. Hypothesis of signaling transduction mechanism of acupuncture analgesia from peripheral molecular responses to central analgesic pathway. Acupuncture 

was performed at the GB34 acupuncture point. In the local molecular changes, ERK was activated as a trigger molecule that activates ERM and ROCK proteins and the 

activated ROCK was strongly involved with acupuncture analgesia. Localized molecular signaling might be connected to the descending inhibitory pathway of supra- 

spinal tract, resulting in overall pain relief. Displacement, a linear movement of the needle; ERK, extracellular signal–regulated kinase; ERM, ezrin-radixin-moesin; 

Rev, revolution; ROCK, rho-associated protein kinase. 
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OCK is one of the main molecules that is activated by cytoskeletal

emodeling of fibroblast, peripheral cascade activation by acupuncture

reatment contributes to mediating acupuncture analgesia. Moreover,

e investigated the correlation between ROCK and other molecules

hich were previously reported to influence the effect of acupuncture.

RK was one of the critical molecules contributing to acupuncture anal-

esia based on our previous work 13 , 14 and ERM was a downstream

ffector of the Rho/Rac protein. Our results indicated that ERK acti-

ation participates in initiating the signaling pathway and acts as a

rigger molecule that initiates the acupuncture-induced local molecu-

ar signaling pathway. The ROCK2 activation following ERK activation

ontributes to the analgesic mechanism of acupuncture. These signaling

ccur around the acupuncture point and is involved in the peripheral

echanisms of acupuncture. 

Pain is mediated by neural activity through the central and pe-

ipheral nervous system. Accordingly, therapeutic approaches includ-

ng acupuncture treatment involve regulating both top-down (i.e., cen-

ral neural pathways) and bottom-up (i.e., peripheral neural pathways)

echanisms. 38 , 39 We suggest a hypothesis of a signal transduction

echanism of acupuncture analgesia from peripheral molecular re-

ponses to central analgesic pathway. Acupuncture treatment produces

umerous cascades in the skin; among these, ERK signaling is activated

n the initial phase and has a role in inducing other cascades, while ERM

nd ROCK is activated in the later part of the signaling pathway. These

eripheral molecular signals affect the activation of the nervous or

ascular system around the acupuncture-treated site. These responses

re transmitted through the spinal cord by the sensory afferents of

scending nerve tracts and then transferred to the supra-spinal tract

o relieve pain by modulating the descending inhibitory pathway

 Fig. 5 ). 40–47 

In conclusion, we found that ROCK2 is activated prominently in

he fibroblasts of the skin, is a downstream effector of pERK during

cupuncture-induced molecular changes, and plays a crucial role in me-

iating acupuncture analgesia. Further studies are still needed to elu-

idate how these peripheral molecular activities are linked to central

echanism of acupuncture analgesia, such as the opioid system or the

escending inhibitory pathways. In addition, comparing various con-

rol groups of acupuncture treatment, such as without manipulation,

lectroacupuncture, and non-acupoint treatment, is necessary to iden-

ify the detailed mechanical mechanism of acupuncture treatment in the

uture. 
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